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The  quantitative  parameters  characterizing  the  esthetic  and  spatial  characteristics  of the  tree  species
Sorbus  domestica  L., including  the  architecture  and  the  crown  size,  were  evaluated  in order  to  assess  the
qualiﬁed  sources  of planting  material  for the urban  environment.  Five  types  of  crown  shape  (spherical,
hemispherical,  umbrella-shaped,  ovate,  and conical)  were  identiﬁed  during  ﬁeld assessment  of trees
growing  in  the  open  landscape.  Conformity  of  the  classiﬁcation  under  speciﬁc  phenotypes  within  ﬁeld
studies  and  classiﬁcation  of trees  based  on  quantitative  parameters  were  evaluated  using discriminant
analysis.  The  variables  included  in the discriminant  analysis  model  (crown  diameter,  crown  length,  and
stem girth)  were  obtained  from  direct  measurement  in  the  ﬁeld.  A  statistically  signiﬁcant  relationshipendrometric data
iscriminant analysis
henotypes
orbus domestica
was  found  between  crown  volume  and  diameter  at breast  height.  Under  the  speciﬁc environmental
conditions  of an  open  landscape,  high  values  of crown  volume  were  recorded  not only  for  the  thickest
trees  but  also  for trees  with  diameters  oscillating  around  the  mean  values  of this  parameter.  Our  results
indicate that  the  environment  has  a greater  effect  on the  stem  diameter  increment  of  trees,  than  on  the
crown  size  and crown  architecture  of S.  domestica.
©  2015  The  Authors.  Published  by  Elsevier  GmbH.  This  is an  open  access  article  under  the CC. Introduction
Urban areas are affected by extreme air quality, microclimate,
oil conditions, and hydrology conditions. Trees in the city improve
he microclimate, trap airborne dust particles, reduce noise and soil
rosion, and increase ecosystem diversity (Sæbo et al., 2005). Trees
lso prevent overheating of buildings from solar radiation (Dimoudi
nd Nikolopoulou, 2003), as the vegetation foliage lowers temper-
tures by reducing evapotranspiration (Shashua-Bar and Hoffman,
003). Although trees increase relative humidity, the difference in
emperature and humidity measured between different environ-
ents (parks and streets) is signiﬁcantly different from tree species
rowing within the same environment (Souch and Souch, 1993).
rees also provide privacy and intimacy in urban spaces, thereby
nhancing their esthetic value and distinctive character (Gilman,
997; Trowbridge and Bassuk, 2004; Spellerberg and Given, 2008;
itawati et al., 2011). Trees represent signiﬁcant eco-stabilizing and
sthetic elements; however, their use is limited by their adaptabil-
ty to the extreme conditions of urban settlements. There is a need
or a species of tree that could survive in extreme environmental
∗ Corresponding author. Tel.: +421 37 641 5431.
E-mail address: viera.paganova@uniag.sk (V. Paganová).
ttp://dx.doi.org/10.1016/j.ufug.2015.06.001
618-8667/© 2015 The Authors. Published by Elsevier GmbH. This is an open access artic
.0/).BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
conditions and provide the expected environmental and social ben-
eﬁts.
Sorbus domestica L. (true service tree) is a promising woody plant
for urban and landscape greenery that is tolerant to drought and
heat and is particularly widespread in the Mediterranean region,
with the center of natural distribution in the Balkan and Apen-
nine peninsula. Its area of distribution extends to North Africa and
Asia Minor and it also can be found in Central Europe, in Germany,
Austria, the Czech Republic, Hungary, Switzerland, Slovakia, and
Slovenia (Haeupeler and Schönfelder, 1988; Hemery et al., 2009).
The true service tree grows mainly in the oak forests in these loca-
tions and in forest-steppe stands (Kárpáti, 1960; Ellenberg and
Klötzli, 1972; Namvar and Spethmann, 1985; Brütsch and Rotach,
1993; Májovsky´, 1992); it even thrives in locations that have a nega-
tive water balance during the growing season (Paganová, 2008). The
adaptive potential of S. domestica has been experimentally evalu-
ated under extreme conditions and its adaptability to water scarcity
has also been assessed. The results of these studies have demon-
strated that this species copes well under variable water conditions
and adapts to hydrological changes in its habitat (Paganová and
Jureková, 2011, 2012).
In the territory of Slovakia, the service tree S. domestica L. is
naturally distributed in a warm climate and has a long growing
season (Paganová, 2008). It can be found in regions with wineries
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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hat have great fruit production, where it was deliberately planted
s a fruit-bearing woody plant. Fruits of the service tree are a pop-
lar delicacy and are used to make preserves, jams, or marmalades
nd brandy. This rare woody plant is used as a decorative tree and
as demonstrated tolerance to drought and high temperatures.
Under urban conditions, S. domestica can be planted as a single
ree with a large crown, as well as in rows with other greenery or
ithin group plantings, where it displays distinctive seasonal col-
rs. The adult trees usually grow to reach large dimensions and
ave a signiﬁcant impact on local conditions; however, the appli-
ation of service trees is limited on streets or in pedestrian zones
ue to fruit droppings.
The focus of this study is on the phenotypic structure of the trees
rowing within the landscape. Particular attention was  paid to the
rchitecture and size of the crown; these parameters are impor-
ant in order to assess the esthetic and spatial characteristics of tree
pecies and to select the qualiﬁed sources of planting materials for
rban environments. Crown plasticity is related to available space,
s characteristic shape is genetically determined and the architec-
ural pattern is achieved only when trees grow in isolation (Horn,
971). Crown size reﬂects ontogenetic development, the available
pace for development, the effect of site conditions, and the indi-
idual genetic program. The size of a tree crown has a marked effect
n and is strongly correlated with the growth of the tree (Hemery
t al., 2005).
This study evaluated the quantitative parameters of S. domes-
ica trees growing in the open landscape. The aim of the study was
o evaluate select dendrometric parameters and assess their rela-
ionship with phenotypes of S. domestica,  as well as identify the
endrometric parameters that are signiﬁcant for the selection of
he phenotypes for urban conditions.
. Material and methods
.1. Localization of the study
In the present study, 56 mature trees of S. domestica L. were eval-
ated from 15 locations in Slovakia (Table 1). Trees were grown at
he edge of rural settlements, in vineyards, and on the borders of
ruit orchards. The altitude of the studied locations ranged between
58 and 489 m.  According to the climatic–geographic characteris-
ics for the territory of Slovakia (Tarábek, 1980; Lapin et al., 2002),
hese areas are located within a warm region (on average, there are
0 or more summer days per year, with a daily maximum air tem-
erature: Tmax > 25 ◦C). The majority of the areas have a slightly dry
limate with mild winters, where the average annual temperature
s 9 ◦C and with an average temperature in January is TI = −2 ◦C, the
verage temperature in July is TVII = 19 ◦C, and the annual rainfall
anges between 550 and 600 mm.  The position of each tree was
etermined using a GPS receiver (Garmin eTrex Venture HC).
.2. Measured tree parameters
The following selected tree parameters were investigated: tree
eight, stem girth, crown diameter, crown length, crown projec-
ion area, and crown volume. Tree height was measured using the
ptical height meter (clinometer) SUUNTO and deployment of the
iving crown was measured using a measuring tape from the ﬁrst
iving branch to the ground line. The stem girth at breast height
g.b.h.) was measured using a measuring tape at height 1.3 m above
he ground.The measurement of the crown diameter (dc) was  measured
s the vertical alignment of the crown projection recorded in
ight directions via the ‘Kronenspiegel-Densiometer’ crown mirror
ensitometer (Rohle and Huber, 1985) and calculated as a meanban Greening 14 (2015) 599–606
of 8 measurement values. The crown projection area (CPA) was
detected via eight-point projections with ﬁxed angles (Rohle and
Huber, 1985) that involve a ﬁxed angular grid with 45◦ angles
between each measured corner point. The distance from selected
“zero point” on the baseline of a tree to the marginal point is con-
sidered its crown projection (0Bi), m – number of measurements.
CPAm = m
m∑
1
¯(0Bi)
2
Crown length (lc) was calculated as the difference between the
total height of the tree (h) and the deployment of the living tree
crown (hc).
lc = h − hc
The spatial volume of the crown (Vc) was calculated according
to different crown shape models using the standard gradient of tree
crown shapes (Coder, 2000). The crown shape formula use crown
diameter (dc) and crown length (lc) in meters to calculate crown
volumes in cubic meters. The only part that changes is a single dec-
imal multiplier value representing the speciﬁc shape of crown. The
formula represented calculated volume for an idealized shape.
Spheroid : Vc = d2c · l2c · (0.5236)
applied for trees with spherical crown
Elongated spheroid : Vc = d2c · l2c · (0.5891)
applied for trees with ovate crown
Expanded paraboloid : Vc = d2c · l2c · (0.4909)
applied for trees with umbrella-shaped crown
Fat cone : Vc = d2c · l2c · (0.2945)
applied for trees with conical crown
The crown shape models from Coder (2000) do not include for-
mulas for trees with hemispherical crown shape. The crown volume
of trees with hemispherical crowns was calculated according to
equation from Fernández-Sarría et al. (2013)
Vc =  · d
3
c
12
Crown shape ratio (CSR) is a derived parameter describing the
shape of the tree crown and was  calculated as a ratio between the
length of the crown (lc) and the diameter of the crown (dc).
CSR = lc/dc
Only data taken from trees older than 60 years were used for
analysis. Adult trees have a higher balance and stability of quanti-
tative parameters, as well as in the shape characteristics of the tree
habit. The age of a tree was estimated according to the methodol-
ogy from Kausch (1992) and calculated as the ratio between stem
girth at breast height (in cm)  and 2.5 quotient given for solitary
growing S. domestica trees in the ﬁeld conditions.
Age = g.b.h.
2.5
(Kausch, 1992)The crown shapes (spherical, hemispherical, umbrella-shaped,
ovate, and conical) were determined during ﬁeld assessment of
trees. Schematic models of the crown shape were used as support
tools for ﬁeld classiﬁcation (Fig. 1).
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Table  1
A review of localities and geographical coordinates with the number of analyzed trees of Sorbus domestica L.
Nr. Locality Exposure Altitude (m)  Number of analyzed trees Latitude Longitude
1 Dolné Obdokovce S–SE 220 3 48◦18′49.68′′ N 18◦12′32.76′′ E
2  Jelenec S–SE 230 6 48◦22′43′′ N 18◦13′25′′ E
3  Vel’ky´ Lapásˇ SW 160 5 48◦17′24.36′′ N 18◦11′8.52′′ E
4  Brhlovce SE–SW 280 3 48◦12′54′′ N 18◦44′24′′ E
5  Devicˇany SE 300 2 48◦19′24.96′′ N 18◦42′26.64′′ E
6  Jablonˇovce SE 350 3 48◦19′1.2′′ N 18◦7′20.76′′ E
7  Pecˇenice SW–SE 300 4 48◦7′53.16′′ N 18◦46′21′′ E
8  Pukanec S 350 3 48◦21′12′′ N 18◦43′22′′ E
9 Zˇemberovce S–SE 230 13 48◦15′30.03′′ N 18◦44′14.33′′ E
10  Dlhá SE 180 1 48◦24′30′′ N 17◦25′30′′ E
11  Modra S–SW 220 3 48◦19′54′′ N 17◦18′32′′ E
12  Smolenice S 240 2 48◦30′0′′ N 17◦26′0′′ E
13 Sˇenkvice S 160 2 48◦17′0′′ N 17◦20′0′′ E
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t14  Kosihovce S–SE 250 
15  Príbelce S 320 
.3. Statistical analysis
A one-way analysis of variance (ANOVA) was  used to evaluate
he difference in crown diameter, crown length, crown projection
rea, crown volume, and index of crown shape between trees clas-
iﬁed to a particular crown shape.
Conformity of the classiﬁcation within ﬁeld studies and classi-
cation of trees based on quantitative parameters was  evaluated
sing discriminant analysis. The variables included in the model
f discriminant analysis (crown diameter, crown length, and stem
irth) were obtained from direct measurements in the ﬁeld. All vari-
bles of the dendrometric parameters are independent and the data
et  the criteria of normality according to Shapiro–Wilk test on the
igniﬁcance level  ˛ = 0.001.
Regression analysis was used for the evaluation of the rela-
ionship between the crown volume and crown diameter, crown
ength, and diameter at breast height to determine which of these
arameters had the greatest impact on crown size. Software Stat-
raphic Centurion XV (license number: 7805000000722) was  used
or mathematical and statistical assessment.
. Results and discussionOn the basis of ﬁeld visual classiﬁcation, we identiﬁed 5 crown
hape groups among the 56 specimens: spherical, hemispherical,
mbrella-shaped, ovate, and conical (Fig. 1). The largest group had
ig. 1. Models used for assessment of the crown type of Sorbus domestica L. within
he  ﬁeldwork.2 48◦10′55′′ N 19◦12′8′′ E
4 48◦11′48.12′′ N 19◦15′42.48′′ E
spherical (20) and hemispherical (19) crown shapes, which is typi-
cal for sympodial branching of trees. Young trees have monopodial
branching with strong apical dominance. This growth model is typi-
cal for woody species, which do not tolerate shadow, or species that
are very light-demanding. Monopodial branching of these species
is related to intensive growth in full sun (Sakai, 1987, 1990). The
sympodial branching model emerges when the terminal meristem
dies off or when reproductive buds are produced (Thomlinson and
Zimmerman, 1978). Young true service trees have an ovate or con-
ical crown shape but the apical dominance is later reduced in the
favor of spherical and hemispherical crown shape. During our sur-
vey, we  also recorded other crown shapes as conical (8 specimens),
umbrella-shaped (5 specimens), and ovate (4 specimens).
Crown shape is the result of a complex interplay between a
genetic blueprint and the response of the organism to environmen-
tal factors (Hatta et al., 1999). The form of crown is an important
factor used to determine the ecological success of trees (Costa and
Cesar, 2001). The signiﬁcant differences between the dendrometric
and calculated parameters were evaluated with ANOVA and were
classiﬁed according the crown shape type of the trees. Parameters
gained by direct measurement were evaluated by a Shapiro–Wilk
test (signiﬁcance level  ˛ = 0.001) and Levene’s test for homogeneity
(signiﬁcance level  ˛ = 0.05). All parameters had a normal distribu-
tion and were homogenous.
The null hypothesis can be rejected for mean values of trees
with different crown shapes based on the results of the ANOVA
for the majority of parameters. Among trees with different crown
types, the statistically signiﬁcant differences were identiﬁed in the
following parameters: width of crown projection (F(4,51) = 4.58,
p = 0.0031), size of crown projection (F(4,51) = 3.77, p = 0.0092),
crown shape ratio (F(4,51) = 02.03, p = 0.0261), and crown volume
(F(4,51) = 3.70, p = 0.0102). The null hypothesis was  accepted for
crown length (Table 2). The length of the crown in solitary growing
trees is most likely inﬂuenced by environmental conditions than
by genotype.
Detailed results of the quantitative analysis are shown in the
summary statistics and multiple range tests for each tree crown
shape (Table 2). We  used the Bonferroni test instead of the Tukey
test due to differences in the number of observations. Trees with
hemispherical and umbrella-shaped crowns had the highest mean
values of crown diameter (15.42 m and 16.34 m). The recorded data
documented signiﬁcant differences in crown diameter between
trees with hemispherical and umbrella-shaped crowns and trees
with spherical and conical crowns. Trees with spherical and conical-
shaped crowns had the lowest values of crown diameter (12.78 m
and 12.02 m).
The highest variability (represented by coefﬁcient of variation)
was reported for the crown projected area and crown volume
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Table  2
Results from a one-way ANOVA applied to selected dendrometric data of ﬁve crown shapes of Sorbus domestica L.
Parameter Source Sum of squares df Mean square F-ratio p-Value
Crown
diameter
Between groups 129.8960 4 32.4741 4.58 0.0031**
Within groups 361.2680 51 7.08368
Total (Corr.) 491.1640 55
Crown length Between groups 37.0834 4 9.27085 1.16 0.3399 ns
Within groups 407.9600 51 7.99922
Total (Corr.) 445.0430 55
Crown shape
ratio
Between groups 0.60621 4 0.151553 3.02 0.0261*
Within groups 2.56118 51 0.0502193
Total (Corr.) 3.16739 55
Crown projection
area
Between groups 51,604.2 4 12,901.1 3.77 0.0092**
Within groups 174,549.0 51 3,422.54
Total (Corr.) 226,154.0 55
Crown volume Between groups 5.35533E6 4 1.33883E6 3.70 0.0102*
Within groups 1.84775E7 51 362,304.0
Total (Corr.) 2.38328E7 55
d
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of: degrees of freedom; ns: null hypothesis accepted.
* Null hypothesis rejected at the p ≤ 0.05.
** Null hypothesis rejected at the p ≤ 0.01.
Table 2). These variables had the greatest effect on architectural
ariability. Similar ﬁndings were obtained within studies of the tree
arameters of Quercus petraea (Hârut¸a, 2011).
The crown shape ratio represents the ratio of crown length
nd crown diameter. Trees with conical-shaped crowns had the
ighest mean value of this parameter (0.98). The mean value
f the crown length represents 98% of the crown diameter.
rees with hemispherical crowns had the lowest value of the
rown shape ratio (0.68), where the crown length represents 68%
f its crown diameter. A statistically signiﬁcant difference was
ound only between specimens with conical and hemispherical-
haped crowns (Table 3). The differences in mean values
etween the crown shape ratios are not statistically signiﬁcant
Table 2).
A signiﬁcant difference (Bonferroni test) was  found in
ean values between the crown-projected area for trees
ith spherical-shaped crowns (141.44 m2 tree−1) and trees
ith hemispherical- (197.93 m2 tree−1) and umbrella-shaped
rowns (206.51 m2 tree−1). There are signiﬁcant differences
etween the mean values of crown volume for trees with
onical- (531.78 m3 tree−1) and umbrella-shaped crown
1752.59 m3 tree−1) (Table 3).
2D models of crowns for S. domestica were constructed based on
ecorded dendrometric data (average tree height, average crown
ength, and average crown diameter) (Fig. 2).
These models demonstrate differences in the type of growth
abits for analyzed taxons according to crown shape (crown shape
ndex = lc:dc). Non-signiﬁcant differences in tree height were iden-
iﬁed by a one-way ANOVA (F(4,51) = 1.19, p = 0.3285) between
roups of trees classiﬁed under different crown shapes. The 2D
odel of the conical crown shape (Fig. 2) constructed from mean
alues of dendrometric data does not correspond to the model that
as used for visual assessment in the ﬁeld (Fig. 1). The uneven
rowns of the examined specimens caused deviations during the
isual assessment of the trees. Currently, also other methods are
sed to identify the shape and dimensions of the crown using
 terrestrial laser scanner TLC (Fernández-Sarría et al., 2013) or
ertical standardized photography processing (Hârut¸a and Fodor,
010; Mason et al., 2011). The difference between the results of
hese and classical morphometric techniques are signiﬁcant and
re documented in the literature. Measuring larger trees using clas-
ical morphometric methods is less precise due to uneven crown
hape (Fernández-Sarría et al., 2013). In our study, the application
f photographical methods was limited due to uneven terrain andsurrounding vegetation on these sites. Trees should be localized on
even terrain (Mason et al., 2011).
Visual inspection alone is insufﬁcient to assess crown complex-
ity a multi-criteria analysis is needed, as well as the use of statistical
tests, in order to determine the magnitude of differences among
crown groups (Hârut¸a, 2011). The precision of visual assessment
of the trees was evaluated by discriminant analysis. As quanti-
tative variables (descriptors) were used, the parameters (crown
diameter, crown length, and stem girth) were obtained from direct
measurement in the ﬁeld. All assumptions for the discriminant
analysis were fulﬁlled: normal distribution of data, homogeneity of
variance–covariance matrix, and linearly independent quantitative
dendrometric variables.
The variability of the analyzed data describe 3 discriminant
functions (DF1, DF2 and DF3); only the discriminant func-
tion DF1 was statistically signiﬁcant (Wilk’s lambda  = 0.621;
2 = 24.336; df = 12; p < 0.05). The percentage of correctly classi-
ﬁed trees in the groups of crown shapes was approximately 55.36%
(Table 4).
The discriminant function DF1 describes the highest variabil-
ity (80.8%) between the crown shape groups; DF2  shows 19.5%
and DF3 shows 0.42% variability. According to the calculated val-
ues of standardized coefﬁcients of the discriminant functions, DF1
was inﬂuenced signiﬁcantly by crown diameter (1.29), DF2 was
affected by crown length (0.65) and DF3 was affected by stem girth
(1.28). Tree classiﬁcation is signiﬁcantly affected by crown diam-
eter, which explains the discrepancy in classiﬁcation of trees with
ovate crowns. During visual assessment, 4 trees were classiﬁed
under the ovate crown shape but, according to the output of the
discriminant analysis, these trees belong in the group of trees with
spherical crowns (Table 4). The differences between mean values
of the crown diameter are not statistically signiﬁcant for groups of
trees classiﬁed under spherical and ovate crown shapes (Table 3).
The discriminant analysis did not clearly separate trees with dif-
ferent crown shapes and the success rate of the classiﬁcation was
55%, which may  be due to the limited number of investigated trees
with conical and ovate crown shapes.
The selection of tree species for urban conditions depends also
on the crown size, which is represented by crown volume. Crown
volume deﬁnes the capacity of ecological impact of a tree on a
site and its effect on the microclimate. This parameter modiﬁes
the spatial attributes for utilization of trees in urban conditions.
During data analysis, we focused on the relationship between
crown volume and stem girth, which was  calculated from stem
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Table 3
Summary of the results and statistics of a 95% Bonferroni test on means for different crown shapes of Sorbus domestica L.
Crown shape n Crown diameter
(m tree−1)
Crown length
(m tree−1)
Crown shape
ratio
Crown projected
area (m2 tree−1)
Crown volume
(m3 tree−1)
Spherical 20 Mean 12.78 a 10.19 a 0.80 ab 141.44 a 946.23 ab
STD  2.14 3.02 0.19 61.12 538.86
CV  (%) 16.72 29.63 25.33 41.73 56.95
Min  9.58 5.04 0.40 79.33 331.62
Max  17.67 15.18 1.30 273.04 2298.57
Hemispherical 19  Mean 15.42 b 10.31 a 0.68 a 197.93 b 1079.64 ab
STD  3.16 2.73 0.23 72.98 706.73
CV  (%) 20.50 26.55 34.22 36.87 65.46
Min  11.15 5.12 0.30 83.90 362.72
Max  22.24 15.33 1.30 345.92 2878.41
Umbrella-shaped 5  Mean 16.34 b 12.22 a 0.76 ab 206.51 b 1752.59 b
STD  1.84 1.79 0.18 57.36 397.86
CV  (%) 11.23 14.66 22.02 27.78 22.70
Min  13.17 10.01 0.60 112.95 1136.7
Max  17.60 13.96 1.00 246.76 2146.32
Ovate Mean 13.10 ab 12.60 a 0.97 ab 144.69 ab 1409.07 ab
STD  3.02 3.00 0.15 44.48 901.82
CV  (%) 23.04 23.82 15.38 30.74 64.00
Min  10.75 8.64 0.80 108.40 588.19
Max  17.13 14.96 1.10 209.00 2575.67
Conical 8  Mean 12.02 a 11.32 a 0.98 b 130.30 ab 531.78 a
STD  2.77 2.93 0.32 59.10 357.98
CV  (%) 23.08 26.47 35.10 45.33 67.32
Min  6.63 7.98 0.60 37.57 145.38
Max  15.94 17.30 1.70 207.80 1294.52
Total  56 13.91 10.75 0.80 165.06 1037.34
Crown shape ratio was  calculated as lc:dc ratio. The same letter indicates homogeneous means of the considered parameter. CV: coefﬁcient of variation; Max: maximum; Min: minimum; STD: standard deviation.
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oig. 2. 2D models of the particular crown shapes of Sorbus domestica L. The images 
nd  crown length (lc).
erimeter at a height of 1.3 m.  Pearson’s correlation coefﬁcient
or the correlation between crown volume and stem girth (DBH)
as 0.709 (p < 0.001). Regression analysis conﬁrmed a statisticallyigniﬁcant relationship between the parameters (F-ratio = 71.76,
 < 0.001); this relationship is described as an S-curve (Fig. 3). The
orrelation coefﬁcient r = -0.755377 and coefﬁcient of determina-
ion R2 = 57.06% indicate a moderately strong correlation between
able 4
lassiﬁcation of accuracy according the canonical discriminant analysis applied for Sorbu
Actual classiﬁcation Predicted classiﬁcation 
Spherical Hemispherical Um
Spherical 18 2 0 
90%  10% 0%
Hemispherical 8  11 0 
42.11%  57.89% 0%
Umbrella-shaped 1  3 1 
20%  60% 20
Ovate 3  0 1 
75%  0% 25
Conical 6  0 0 
75%  0% 0%
Total  36 16 2 
Percent priors 0.3571 0.3393 0.0
redictor variables: crown diameter, crown length, and stem girth. Number of observation
f  correctly classiﬁed trees within the ﬁeld assessment is highlighted in bold.onstructed on the basis of the mean values of tree height (H), crown diameter (dc),
crown volume and stem girth of S. domestica trees. In agreement
with the ﬁndings of Hârut¸a (2011), these results only partially
support the ﬁnding that tree crown extension is an important
dimensional parameter correlated with stem increment (Hemery
et al., 2005).
The distribution of values visible on the regression curve
demonstrates relatively large crown volumes >2000 m3 for trees
s domestica L. trees classiﬁed into groups according to crown shape.
Total
brella-shaped Ovate Conical
0 0 20
 0% 0% 100%
0 0 19
 0% 0% 100%
0 0 8
% 0% 0% 100%
0 0 4
% 0% 0% 100%
1 1 5
 12.50% 12.50% 100%
1 1 56
893 0.0714 0.1429
s: 56; number of groups: 5; percent of cases correctly classiﬁed: 55.36%. Percentage
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Fig. 3. Results of the linear regression of crown volume and DBH of Sorbus
domestica L. (F(1,54) = 71.76; p < 0.0001). The relationship describes the S-curve
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aodel: Y = exp(a + b/X), r = −0.755377, R2 (adjusted for df) = 57.06%. Crown volume
m3 tree−1), DBH: diameter at breast height (cm).
ith stem girth ranging from 80 to 90 cm (Fig. 3). Crown volume
as calculated based on crown diameter and crown length. The
ataset of crown volume has a normal distribution (Shapiro–Wilk’s
est,  ˛ = 0.001) and meets the Levene’s homogeneity test (  ˛ = 0.05).
The stem girth and crown volume of solitary-growing
rue service trees are signiﬁcantly correlated. There were
on-signiﬁcant differences in the mean values of stem girth
nd stem diameter between analyzed groups of trees. 95%
onferroni tests (Table 2) conﬁrmed statistically signiﬁcant dif-
erences in mean values of crown volumes between trees
ith conical- (531.78 m3 tree−1) and umbrella-shaped crowns
1752.59 m3 tree−1).
. Conclusions
Crown diameter was found to be the most signiﬁcant param-
ter contributing to the growth habit of analyzed S. domestica L.
rees. Umbrella- and hemispherical-shaped crowns had the high-
st crown diameters, as well as the highest crown projection area
alues. Plants with large canopies provide shading to large areas
nd should provide signiﬁcant environmental beneﬁts under urban
onditions; however, trees with conical and spherical crowns had
he lowest crown diameter values. These crowns were more com-
act, without substantial irregularities in the canopy density; such
rees can be planted in urban areas with limited space.
Crown shape was not signiﬁcantly represented by crown length
ecause the values of these classiﬁed groups of trees were too vari-
ble. The mean values of crown length calculated for trees with
ifferent crown shape were not signiﬁcantly different (and ranged
rom 10.19 m to 12.61 m)  but the crown shape ratio (which rep-
esented the ratio between crown length and crown width) was
igniﬁcant. The mean values of this parameter were signiﬁcantly
ifferent for trees with a hemispherical crown of 0.68 and trees
ith a conical crown of 0.98.
The accuracy in classiﬁcation of trees of particular groups was
ssessed using discriminant analysis and the rate of correctly
lassiﬁed trees was 55%. Within the visual classiﬁcation of trees
ccording to crown shape, the ratio between crown length and
rown diameter was most likely incorrectly estimated during ﬁeld-
ork. The output of the discriminant analysis of the groups of trees
ith different crown shapes has not yet been clearly separated,
hich may  be affected by the limited number of trees classiﬁed as
aving ovate and conical crowns. It is expected that data collected
rom a greater number of trees and additional measurements will
llow for a higher percentage of classiﬁcation.ban Greening 14 (2015) 599–606 605
The most signiﬁcant impact on differentiation of the trees
according to crown shape was  crown diameter, which had a sta-
tistically signiﬁcant effect on the differentiation of analyzed trees
in terms of crown architecture, as well as on other derived quanti-
tative parameters (crown projection area and crown volume). The
values of crown volume above 2000 m3 were recorded in all groups
with different crown shapes, except for trees with conical-shaped
crowns. Trees with umbrella-shaped crowns had the largest crown
volume and trees with spherical and conical-shaped crowns had
the lowest values of this parameter.
Within the analyzed group of trees, crown volume was signif-
icantly correlated with diameter at breast height, a moderately
strong relationship described by an exponential function. Under
the speciﬁc environmental conditions of an open landscape, high
values of crown volume (above 2000 m3) were recorded not only
for the thickest trees but also for trees with diameters oscillating
from 80 to 90 cm.
Based on these results, the crown size and crown architecture
of S. domestica are inﬂuenced less by environmental conditions
in comparison to the diameter increment. The crown diameter
and crown shape ratio are signiﬁcant quantitative parameters that
represent dimensional characteristics of the crown canopy of the
service tree. Their application within selection of the phenotypes
for urban greenery is justiﬁed in relation to spatial volume and
microclimatic inﬂuence of this woody plant in urban areas.
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